ABSTRACT HRP was applied to small sites in the dorsotemporal or dorsonasal retina in fish at 10-36 days after optic nerve section. The anterogradely labeled axons were visualized in tectal whole mounts.
refines to normal precision (Jacobson and Gaze, '65; Meyer, '80; Humphrey and Beazley, '82; Northmore and Masino, '84; Meyer et al., '85; Rankin and Cook, '86) . None of these mapping experiments, however, provided information on the morphology of the regenerating axons. By visualizing HRP-stained axons in tectal whole mounts, Schmidt ('85) detected axonal arborizations of unusually large dimensions during the early diffuse stages of regeneration. Later, when the map was refined, terminal arbors of normal sizes were encountered (Schmidt, '85) . This finding accounts, at least in part, for the diffuseness of the early map. Since the axons were labeled in the optic tract, the authors were not able to relate the position of the arborizations to their ganglion cells of origin and to their destination in the tectum. And it remains an open question whether the axons first navigate into the general vicinity of their target and then begin to arborize (Meyer et al., '85) or whether they extend branches on the way to their target (Fujisawa et al., '82) . Fujisawa et al. ('82) traced the path of axons from known retinal origin a t early regeneration stages in the newt. In this animal, the misrouted axons produced numerous side branches into various directions in the tectum prior to the arrival a t their destination. These ectopic branches disappeared when the axons had reached their retinotopic termination sites. Here they gave rise to a densely branched mature terminal arbor. The authors concluded that the regenerating axons navigate to their target by preferential selection of appropriate, and elimination of ectopic, branches (Fujisawa et al., '82) .
A documentation of the paths and the morphologies of growing axons destined for known territories in the tectum is not available for fish, since it is difficult to stain the b Figure 1 growing axons. Such information, however, will help us to understand the mechanisms by which the growing axons succeed in finding their retinotopic regions.
The current report analyzes the morphological characteristics of the regenerating axons at early regeneration stages in goldfish. The growing axons were labeled by applications of HRP into defined regions of retina. This allowed the determination of the path of axons toward their target and the investigation of their morphological features. Because of modified staining procedures, the growing axons exhibited staining properties that were superior to those reported in previous studies (Fujisawa et al., '82; Taylor and Gaze, '85; Schmidt, '85 ) that allowed visualization of growth cones and filopodia.
The result were published in part as abstracts (Stuermer et al., '85, '86a, b) and were included in a review (Stuermer, '87a ).
C

continued MATERIALS AND METHODS
To label regenerating axons of defined retinal origin, HRP was applied to severed axons in the dorsotemporal and dorsonasal retina between 10 and 35 days after optic nerve section. Four to five days were allowed for anterograde transport and/or diffusion of HRP. The HRP-labeled axons were visualized in tectal whole mount preparations. Details on the experimental procedures are described in the companion paper (Stuermer, '87b) . The quantitative approach to determine the distribution and orientation of the regenerating axons is also given in the companion paper (Stuermer, '87b) .
RESULTS
The analysis of the axonal trajectories at late-regeneration stages 3-12 months after optic nerve section reveal C C 1mm Fig. 2 . Dorsotemporal axons in a tectal whole mount at 28 days after optic nerve section. Labeled axons course in various abnormal routes through all regions of tectum, but most are in the more rostra1 tectal half. The approximate location of the retinotopic target region is marked by two arrows. Arrowheads point to loops of axons in the caudal tectum. Abbreviations as in Figure 1 . Fig. 3 . Typical examples of routes of unbranched axons with leading growth cones. Axons begin to establish or have established routes with orientations toward their target region. Misrouted axons in the dorsal hemitectum either bend abruptly in stratum fibrosum et griseum superficiale (SFGS, small arrows and arrowhead) or they follow routes of the fascicles in stratum opticum (SO, larger arrows) and course toward ventral hemitectum. Axons in the ventral hemitectum that had passed the retinotopic region return directly or more gradually into rostra1 directions. that the regenerating dorsotemporal and dorsonasal axons reach their target in direct routes or with abrupt or gradual course corrections when misrouted (Stuermer, '87b) . Whether regenerating axons at early regeneration stages, 10-35 days postnerve transection, course over these routes immediately to their target or whether they might exhibit signs of exploratory growth was tested by visualizing the trajectories of dorsotemporal and dorsonasal axons at early regeneration stages between 10 and 19 days (N = 34) and 25 and 36 days (N = 40) after optic nerve section.
After application of HRP in the dorsotemporal or dorsonasal retina the axons in tectum were well stained including their branches, growth cones, and filopodia (Figs. 5, 6 ). The first dorsonasal and dorsotemporal axons invaded rostrally into the ventral and dorsal hemitectum between days 10 and 12 after optic nerve section and advanced in a roughly caudal direction. Between days 12 and 14, the dorsonasal axons had reached into the far caudal tectum (Fig. lb) whereas dorsotemporal axons remained in the rostral tectum (Fig. la) . Camera lucida tracings of a left and a right tectum of one fish at 14 days after bilateral optic nerve section ( Fig. 1 ) illustrate this differential distribution of dorsonasal and dorsotemporal axons. Axons at this stage were generally of simple morphology in that most were unbranched and tipped with a single leading growth cone. A very few axons had given rise to one or two side branches (Fig. 1) . Course alterations that were typical for misrouted axons a t later-regeneration stages were not yet apparent.
At progressively later times many more axons arrived in the tectum and they developed more complex morphologies. The routes of these axons and their morphological characteristics are shown in camera lucida tracings of typical examples between 25 and 36 days.
Dorsotemporal axons
A camera lucida tracing of a tectum with labeled dorsotemporal axons at 28 days is shown in Figure 2 . It is readily appreciable from Figure 2 that most labeled axonal profiles were present over the rostral tectal half and fewer over caudal tectum. Between 28 and 36 days, only a fraction of the dorsotemporal axons had reached their appropriate retinotopic regions. Instead most coursed in various regions of the tectum and exhibited a variety of growth-related morphological characteristics.
Axons that had approached their target or traveled in target-directed orientation had established normal and various abnormal routes that were in principal similar to those at late-regeneration stages (Figs. 2 and 4 in Stuermer '87b, companion paper). These routes were most obvious for axons that were unbranched for most of their extent. From their rostral point of entrance axons on the correct ventral hemitectum coursed either more or less directly toward their target or turned back in the direction of the target site if they had passed beyond it (Figs. 3,4) .
Axons entering the inappropriate dorsal hemitectum used three strategies to navigate into the ventral hemitectum. Some bent in sharp angles shortly after their entrance into the tectum to course through the synaptic layer in the direction of the target (Figs. 2, 3) ; others ran through the synaptic layer obliquely across the rostral tectum; still others followed the routes of the previous fascicles in the superficial fiber layer for variable extents and then achieved target-related orientations (Figs. 2-4 ). Fewer axons, but more than at late-regeneration stages, wandered through the far caudal tectum without obvious target-related orientations. They occasionally exhibited one or two circular loops (Fig. 2 ). In the tectum of Figure 2 at 28 days postnerve transection, axons in the caudal tectum did not yet exhibit signs of target-related course correction. However, in a tectum of a slightly later stage, at 32 days, such axons with course alterations were seen and typical examples are illustrated in Figure 4 .
On the basis of their appearance the regenerating axons between 25 and 36 days after optic nerve section fell into several categories. They were unbranched except for occasional filopodial sprouts throughout their course through the fiber and synaptic layer and carried simple growth cones at their tips (Fig. 5a ). Other axons with growth cones in the synaptic layer had numerous filopodia on the axonal shaft proximal to the growth cone and an occasional side branch (Fig. 5b ). Some axons in the synaptic layer had divided ends, most with growth cones on their tips. Yet another group in the synaptic layer but absent from the fiber layer had numerous short side branches with filopodia and growth cones or even nests of growth cones on each of the branches and on the axonal shaft. One typical example is shown in Figure 6 . The side branches appeared on stretches of the axons over 800 pm. At least ten growth cones were identified on this axon. Another axon that probably had come from the dorsal hemitectum ran from the tectal equator in a mediolateral direction, and branches and growth cones appeared over 500 pm on the axon's more distal end (Fig. 7b) . A fifth group in the synaptic layer gave rise to long branches of several hundred microns in length. The branches were in some instances widely spaced over the axon (Fig. 7c ) or emerged close together as terminal branches from the axon's leading end (Fig. 8) . Most of these terminal branches were studded with growth cones and filopodia. The terminal branches resided in the retinotopic region as well as at ectopic sites. Figure 8 shows three examples from the tectum in Figure 2 .
The axon in Figure 8b had followed the route of an intermediate fascicle in the dorsal hemitectum and then emitted several branches, most of which were oriented toward the target. Filopodia were abundant on all branches and growth cones emerged from the axonal shaft. The axon in Figure  8d branched at ectopic sites in the dorsocaudal tectum, and growth cones arose from all branches. The branches of the axon in Figure 8c at ectopic sites in the ventrocaudal tectum were oriented into caudal, central, and rostral direc- tions. They were without growth cones but had filopodia.
From 32 days onward a few axons were noted that began to produce a terminal arbor in the vicinity of the retinotopic region. One example is included in Figure 4 . Coexistent with such immature arbors were axons with branches that were more widely spaced over the axon's distal segment (Fig. 4) . In a tectum at 36 days some axons ended in terminal arbors at retinotopic sites that resembled more closely those seen in normal tecta and in tecta a t late-regeneration stages. The axonal shaft had thickened at its distal end. Numerous side branches protruded from the thickened end and these branches divided further into secondary and tertiary branches (Fig. 9) . Such terminal arbors were found consistently in tecta from 36 days onward and were only seen once in a tectum as early as 18 days after optic nerve section. It cannot be excluded that terminal arbors may be present in the intervening time periods as well, but they might have been missed due to the high density of labeled axonal profiles close to the target region.
Dorsonasal axons
Like dorsotemporal axons, the dorsonasal axons at survival stages between 25 and 36 days after optic nerve section branched on their way through tectum. Branching occurred preferentially in the caudal tectum so that the density of labeled dorsonasal axons was higher in the caudal than in the rostral tectum. This is visible in the camera lucida tracing of a tectum at 28 days with labeled dorsonasal axons (Fig. 10) .
The axonal routes were generally similar to those seen for dorsonal axons at late-regeneration stages (compare Fig.  6 in Stuermer, '87b, companion paper). From their rostral point of entrance part of the axons followed the routes of the previous fascicles (Figs. 10, 11 ). Axons in more peripheral fascicles were led into caudal tectum (Figs. 10, 11 and axon No. 2 and 7 and 8 in Fig. 12 ). The routes of rostral and intermediate fascicles ended close to the tectal equator at more rostral levels. Here, axons entered into the synaptic layer to course either caudally (Fig. 10 , axon No. 4 in Fig.  12 ) or obliquely across the tectal equator (Fig. 11) . Axons ran also from rostral to caudal tectum in a layer just deep to the fascicles where they exhibited more tortuous trajectories.
Axons in these routes, similar to dorsotemporal axons, were either unbranched throughout most of their course and tipped with growth cones or they had branched endings with growth cones. Other axons were smooth as long as they followed the fascicle route but exhibited numerous side branches of variable length after they had entered into the synaptic layer SFGS. Axons 1, 2, 4, 7, and 8 in Figure   12 are typical examples. Axons with long branches emerging from the distal end of the axon were also encountered (axons 3 and 5 in Fig. 12) . Those occurred at various sites within the caudal tectum and on occasion in the rostral tectum (No. 5 in Fig. 12 ). Only observed once was an axon that had split into five long branches in rostral tectum. The branches were oriented in a caudal direction and three of them carried growth cones (No. 6 in Fig. 12) . Terminal arbors such as those shown in Figure 9 were found at retinotopic sites in tecta from approximately 32 days onward.
Thus part of the regenerating axons establish routes that persist at late-regeneration stages. They either are unbranched throughout the path to their target region or emit branches while navigating through tectum.
A quantitative evaluation of the distribution and orientations of regenerating dorsotemporal and dorsonasal axons
The impression gained from tracing regenerating axons at early regeneration stages was that dorsotemporal and dorsonasal axons differ in their distribution over tectum. To quantify this observation, the numbers of dorsotemporal and dorsonasal axons were determined at six representative regions in six individual tecta for each group and the data of the six tecta were pooled. Table 1 1, 14% over ,region 2, and only 4% in caudal region 3. On the dorsal hemitectum, rostral region 4 contained 25% of all fibers, midtectal region 5 contained 12%, and the caudal region 6 only 5%. The number of dorsal fibers did not change markedly from the two rostral regions 1 and 4, with 19% and 21%, respectively, to the midtectal regions 2 and 5 with 18% and 19%. The fiber number fell at caudal regions 5 and 6 to 12% and 11%, respectively. The tracing of regenerating axons at early regeneration stages had revealed that axons take similar routes to their target as axons at late-regeneration stages (Stuermer, '87b, companion travel preferentially along the curved routes of the previous fascicles and when outside the fascicles some began to establish routes related to the direction of the target. However, different from axons at late-regeneration stages, numerous axons at early regeneration stages had not yet reached their target and branched on their course through tectum.
Therefore, the plots in Figures 13 and 14 showing the directions of dorsotemporal and dorsonasal axons from six tecta exhibit a wider range of orientations than comparable plots at late-regeneration stages (Figs. 7, 8 in Stuermer, '87b, companion paper). However, a preference for certain directions is nevertheless apparent. The majority of dorsonasal axons had directions ranging over 180 + 90" in regions 1, 2,4, and 5, which implies that most were directed in a caudal rather than rostral direction. Dorsotemporal axons at comparable regions shared similar directions to some extent. However, part of the growing dorsotemporal axons had established target-directed orientations and those are represented a t sites 4 and 5 by directions between 30 to 90" and at site 2 by directions of 0 + 45". Axons of such orientation composed 38% at site 4, 37% at site 5, and 37% at site 2. Dorsonasal axons of similar orientations composed only 11% at site 4, 10% at site 5, and 11% at site 2.
DISCUSSION
This study has investigated the routes and the morphology of regenerating retinal axons in the goldfish tectum at early regeneration stages 10-36 days after optic nerve section. Regenerating axons in normal or abnormal routes navigate either with one or a few growth cones at their tips or they sprout a variable number of side branches or emit long branches a t their ends. The branching axons are equipped with an abundance of growth cones and filopodia on their shafts and their branches. Dorsotemporal axons occupy and branch preferentially in the rostral tectal half whereas dorsonasal axons course into the caudal tectum and branch preferentially there. This differential distribution of dorsotemporal and dorsonasal axons was seen at 14 days after optic nerve section-that is, shortly after the invasion of the first axons into tectum-as well as over all subsequent periods.
Technical considerations
Satisfactory labeling of regenerating retinal axons at early regeneration stages was achieved by prolonging the time between HRP application and sacrifice of the fish to 4 or 5 days. Although the axons are severed when the HRP is placed into retina, they did not exhibit any visible signs of degeneration. Instead, fragile elements such as growth cones and filopodia appear completely stained and morphologically well preserved. These observations are consistent with a study on growth cones in the frog brain in which they retained their normal appearance at least for 2 days after separation from their cell body (Scalia and Matsumoto, '85) . Axons in tissue culture, which had been separated from their cell body, maintained their normal appearance for several hours (Hughes, '53; Shaw and Bray, '77; Wessel et al., '78) , and these properties probably apply also to axons in uiuo. Nevertheless, it is surprising that axons in uiuo can survive for such extended time periods as 4-5 days.
We cannot exclude the possibility that injury to the retinal axons in retina may induce or accelerate the extension of branches and growth cones from axonal segments in tectum. However, although all axons are subjected to the same treatment, a large number did not show any sign of branching. Further, induction of branches was not observed on axons between 10 and 14 days, nor on axons at lateregeneration stages or on normal axons. Therefore, it is most likely that branching is not a consequence of injury.
The trajectories and morphologies of regenerating axons
By morphological criteria regenerating axons at early regeneration stages exhibit diverse behaviors to traverse the tectum. There were axons that navigated through the tectum led by growth cones at their distal tips whereas other axons branched profusely. This implies that branching may not be obligatory for all axons to pioneer their path. None of the axons branched in the superficial fascicle layer stratum opticum (SO).
As proposed in the preceding paper (Stuermer, '87b) , the routes of the fascicles may represent major highways (Summerbell and Stirling, '81; Tosney and Landmesser, '84) through the tectum, which could allow for rapid axonal elongation. It would be of interest to test whether the fascicle layer contains particular growth-permissive substances, such as laminin, which has been shown to allow for rapid axonal elongation (Roger et al., '83; Adler et al., '85; Vielmetter, '86) . Laminin increases in concentration in the optic nerve and tract during axonal regeneration (Hopkins et al., '85). Axonal growth through the meshwork of stratum fibrosum et griseum superfkiale (SFGS) may occur at slower rates combined with sampling of the tectal regions. It is in the SFGS where axons undergo course corrections to redirect their path toward their target and where pathfinding is for some axons connected with the emittance of side branches.
The branching axons carried a surprisingly large number of growth cones on their shaft and on their collaterals. The occurrence of multitudes of growth cones suggests that exploratory searching may take place simultaneously over extended stretches of the axons, which enables the axon to sample the tectal territory widely. The tectal area covered by axons with the longest branches was at least 400 x 500 pm, which is approximately a twentieth of the tectal surface. The whole mounts give static images of the growing axons. Only real-time observations in tissue culture or in the living animal would permit us to follow the dynamics of these sampling events. In tissue culture, branching and the creation of numerous growth cones do not occur, nor when regenerating axons grow on substrates such as laminin, fibronectin, and various others (Landreth and Agranoff, '76; Vielmetter et al., '86) . Axons growing on these substrates resemble those in the upper fascicle layer in that they have rather straight trajectories and usually carry one or at best two growth cones at their ends. Further experiments will reveal whether axons might begin to branch when grown on substrates derived from the synaptic layer of tectum.
Most branches except for the terminal abors are transitory extensions since they are absent on axons at late regeneration stages of 6 months and more (Fujisawa, '81; Fujisawa et al., '82; Stuermer, '87b) . At late-regeneration stages, axons were smooth and ended in terminal arbors that were generally located at retinotopically appropriate regions (Stuermer, '87b) . Branching at early stages occurred anywhere in the tectum and was not confined to the retinotopic termination region or its vicinity. It is conceivable that some axons that branch over the retinotopic region between 25 and 32 days may develop into mature terminal arborizations. However, it is unlikely that the early axonal ramifications at ectopic sites are molded directly into mature terminal arbors. Rather they may serve to explore the tectal territory and enable the axon to seek out the direction of the target (Fujisawa et al., '82) . The branches may be sent out randomly and repeatedly into various directions (Sakaguchi and Murphey, '85) . We suggest that the axons elongate in the direction of the branches with proper orientations whereas other branches may be withdrawn or eliminated. Thus, the axons achieve targetdirected orientations by preferential selection of appropriately oriented branches (Fujisawa et al., '82) .
Elaborate terminal arbors resembling those at long regeneration stages or those in normal fish (Stuermer, '84; Schmidt, '85) were reliably discerned from 32 days onward and they were always a t or in the vicinity of the retinotopic region. Their appearance correlates with the time at which it becomes possible to record a retinotopically organized projection from tectum electrophysiologically (Schmidt et al., '83) .
Although the growing retinal axons explore the tectal territories widely, their paths through the tectum are not random. The first ingrowing dorsotemporal axons had a higher preference for the more appropriate rostra1 tectum, whereas dorsonasal axons progressed immediately into caudal tectal regions. This preferential distribution was maintained through all subsequent regeneration periods when more axons returned to tectum. These observations made on individual tectal whole mounts were substantiated by a quantitative evaluation of the number of dorsotemporal and dorsonasal axons. Our data confirm earlier findings in which the distribution of radioactively labeled or wheat germ agglutinin (WGA-HRP)-stained axons were reconstructed from tectal serial sections (Meyer, '80; Meyer et al., '85) . They allow for the conclusion that the growing temporal and nasal axons have a higher affinity for their appropriate tectal halves.
The ability of regenerating axons to discriminate between appropriate and inappropriate territories exceeds that of half-tectal recognition (Fujisawa et al., '82; Meyer et al., '85) . This is demonstrated by the fact that regenerating axons are able to undergo course corrections to grow into the direction of their target (Stuermer, '87b) and ultimately terminate at their retinotopic target sites (Schmidt, '78; Meyer, '80; Meyer et al., '85; Taylor and Gaze, '85; Stuermer, '87b) . These findings are consistent with the concept that retinal axons and tectal cells carry position-dependent cellsurface markers (Sperry, '63) that are laid down in graded concentration over the retinal and tectal tissue (Gierer, '81; Bonhoeffer and Huf, '82; Bonhoeffer and Gierer, '84) . According to these models, the growing axons interact with the surfaces of tectal cells and are guided into regions with sets of markers that match or are complementary to their own. The gradient theory is an extension of Sperry's chemospecificity theory (Sperry, '63) . It is the only concept that predicts that even misrouted axons-which are far away from their normal sites-can achieve target-directed routes. This concept also accounts for the result that axons cross freely other axons when they undergo course corrections and proceed toward their target.
If in contrast numerous position-specific tectal markers would be restricted to distinct groups of tectal cells-instead of being laid down in a graded fashion-a different mode of axonal growth would be expected. Under these circumstances axons should search for their appropriate locus by trial and error until they happen to meet their appropriate sites by chance. However, the foregoing study has shown that axons do not err through tectum randomly.
Other models proposed that axons are able to position their terminal arbors in retinotopic order by means of specific fiber interactions and maintenance of neighborhood relationships (Cook and Horder, '77 ; for review see Frazer and Hunt, '80) . In normal fish, axons do preserve their pathway. Regenerating axons, however, travel in abberrant routes. Axons that used to be neighbors in retina are often widely separated from one another (Stuermer, '86) . If regenerating axons would only search for their neighbors one would expect that misrouted axons would become associated into groups at various ectopic sites in tectum. It is difficult to conceive how axons would be able to rejoin at the retinotopic target sites without directional cues from tectum.
Comparison with related findings
The multitude of branches on regenerating axons in the tectum accounts, at least in part, for the increase of retinal axon processes determined electron microscopically at early regeneration stages (Murray and Edwards, '82) . Our observations that some axons produce long branches and thus create ramifications of unusually large dimensions are consistent with similar findings by Schmidt ('85). However, Schmidt's analysis was restricted to measurements of axonal arborizations and he did not relate the position of the arborizations to the axon's origin in retina nor did he consider the trajectories of regenerating axons toward their target.
The trajectories of regenerating axons in goldfish resemble those in the newt (Fujisawa et al., '82) . In both species they travel in abnormal routes, send out transient side branches on their course through tectum, and ultimately reach their target, where they produce densely branched terminal arbors (Fujisawa et al., '82) . In the newt, however, only misrouted axons were reported to branch, whereas normally routed axons remained smooth (Fujisawa et al., '82) . In goldfish, branching was common to a fraction of both normally routed and misrouted axons.
To assess the order of the tectal projection Meyer et al. ('85 ) made injections of WGA-HRP into small sites in retina and determined the distribution of labeled axon profiles in serial sections. WGA-HRP is reported to be accumulated into the endings of axons (Shook et al., '83; Meyer et al., '85) . The endings were widespread over tectum up to 25 days whereupon they gradually condensed over subsequent weeks to appropriate tectal territories. Rankin and Cook ('86 ) also showed a diffuse projection at early regeneration periods. Following tectal injections of WGA-HRP, which is believed to be taken up by axonal endings, ganglion cells in retina were transiently scattered widely up to 40 days after optic nerve section, whereas they were confined to small sites in the normal or at late-regeneration stages (Cook, '83; Stuermer and Easter, '84; Rankin and Cook, '86) . Our study has shown that part of the terminal endings that are transiently at inappropriate regions are branches, growth cones on axonal tips, on the axonal shaft and on branches. Since these endings, derived from a small group of ganglion cells, were present in all regions of tectum, they can account at least to some extent for the early diffuse projection (Meyer et al., '85; Rankin and Cook, '86) .
Several studies reported that the restoration of refined retinotopic order is achieved as long as the regenerating axons retain their normal pattern of impulse activity Ekhmidt et al., '83; Schmidt, '85; Rankin and Cook, '86) . When activity is blocked by tetrodotoxin (TTX) (Meyer, '83; Schmidt and Edwards, '83) or when fish are reared under strobe-light conditions during the regeneration of the optic nerve (Cook and Rankin, '86) , the map is topographically organized on a gross level but never reaches its normal precision (Meyer, '83; Schmidt and Edwards, '83; Cook and Rankin, '86) . This implies that either axons form terminal arbors at ectopic sites or that the axons maintain collaterals that would normally be withdrawn (Schmidt, '85; Cook and Rankin, '86) . Based on our current results we will test whether ectopic side branches will persist on axons that regenerate in the presenc of TTX.
Comparison to retinal axons in development
In the Xenopus embryo the growing axons were reported to be retinotopically organized throughout their path (Holt and Harris, '831 , t o approach their target from ectopic positions in straight lines (Harris, '86) , and to deploy their terminal arbors at appropriate retinotopic sites (Holt and Harris, '83; Sakaguchi and Murphy, '85) . The embryonic axons exhibited only a few short collaterals on their shaft (Sakaguchi and Murphy, '85) . Similarly, retinal axons in the cat embryo that grow to the lateral geniculate nucleus coursed directed toward their target (Sretaven and Shatz, '86). Numerous short side branches protruded from the axons prior to the axon's arrival at its target. The axons finally terminated in bushy terminal arbors whereupon the side branches disappeared (Sretavan and Shatz, '86) . A similar sequence of events was also noted for chick retinotectal axons (Thanos and Bonhoeffer, '87) . Thus, during normal development in Xenopus, the chick and the cat retinal axons appear to course in orderly routes, emit transient collaterals, and then develop terminal arbors within a fixed framework at their retinotopic target.
To our knowledge growing axons in tectum have not been pursued during embryonic development of fish. We are currently involved in labeling retinal axons in the guppy, goldfish, and zebrafish embryos. Preliminary results indicate that part of the embryonic axons grow rather directly into the direction of their target and end in small but elaborate terminal arbors. A fraction of the axons were seen to emit collaterals from their shaft which covered approximately a fourth of the tectal surface. These data suggest that excessive branching may be common to a fraction of both the retinal axons in early regeneration stages and in development. However, while axons in normal development generally grow in orderly and stereotyped routes toward their target, regenerating axons establish highly abnormal . _ -and circuitous trajectories.
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